form rudiments of thymus. Thymocyte progenitors are attracted to this rudiment and support their differentiation and functional maturation into self-tolerant diverse groups of T cells are supported. [1] The structure of the thymus differs markedly among species. The differences include the number per animal, anatomical position, structure of the thymic lobes, developmental origin and developmental processes. [4] The anatomical position of the thymus in the neck (cervical thymus) and or in the thorax (thoracic thymus), differ amongst vertebrates. Most domestic animals have dominant cervical thymus. [5] The mammalian thymus usually undergoes atresia and begins to involute around the period of young and adulthood pubescence). In this period, connective and adipose tissue invade the organ as the thymic parenchyma becomes reduced. There is progressive loss of mostly immature, cortical thymocytes and clear reorganization of the organ architecture, involving the loss of definition of the cortex and medulla. [6] Stressors, such as cold and pregnancy, can cause the thymus to involute more severely. [7] It also varies amongst species, strain and sex.
The local breed of pig (swine) was used for this study because swine is considered one of the major animal species of choice apart from rodents, used in translational research especially in preclinical toxicological testing of drugs. [8] In addition, most of the available literature is on development of the thymus in laboratory animals (rats, mice, rabbits and guinea pigs) and other exotic species and only a few domestic animals of the tropical climate have been investigated. [9, [10] [11] [12] [13] Even so, there was little emphasis on histological changes during foetal growth. It is expected that there would be variations in structure from exotic species in the time of histological maturation of the thymus in the indigenous cross because of differing feeding, management and climatic factors in the tropical environment.
The main objective of this investigation is to evaluate the gross anatomy, morphometric and histological changes of the thymus in the indigenous Large White pig cross at various ages of foetal and postnatal periods, with emphasis on histological changes during growth. The baseline information obtained useful in prenatal and postnatal clinical and pathological diagnosis of health conditions in the indigenous Large White pig cross.
Materials and Methods

Animals
The study samples were obtained from apparently healthy adult indigenous Large White cross slaughtered for meat at the Nsukka slaughter house. They comprised thymus from 36 foetuses (males and females), of pregnant animals slaughtered unknowingly, seven prepubertal and ten pubertal pigs (males and females). Age estimation of the foetuses was done using Crown-Rump-Length (CRL) which was measured with threads and meter rule. The age was estimated with a chart for estimation using CRL in domestic animals by McGeady et al. [14] and the pre-pubertal and pubertal age were estimated by dentition [15] and farm record information from pig sellers. The weights of all animal were obtained with mobile scale for postnatal period (Tefal Electronic kitchen scale, Rumilly, HauteSavoie, France) and top loader Mettler weighing balance (Mettler Toledo Inc., Greifensee, Switzerland) for foetuses. The sex of the animal was not considered in this present study. The Research and Ethics committee of the University of Nigeria, Nsukka, Nigeria approved this work.
Gross dissection by parasternal incision was carried out on the foetuses, while the postnatal samples (prepubertal and pubertal) were obtained after slaughter and before singeing. The thymus in all cases was removed after thorough trimming off the adjacent fat and connective tissue. The thymic weights were measured prior to fixation and following removal of adjacent fat and connective tissue. In the older pubertal pigs, adipose and connective tissues from cranial mediastinum containing thymic tissues were collected and fixed without weighing following methods of other investigators. [16] Fixed tissue sections were processed for study following routine histological procedure. [17] Sections were cut at 6 μm, stained with haematoxylin and eosin (H&E), and were examined under microscope. 
Results
Gross anatomical observations
The thymus of the prenatal (foetal) pig in all stages of development was grayish-red in color, soft in consisten-cy and consisted of cervical and thoracic parts which were superficially divided into lobules. The cervical part was on the ventro-lateral surface of the neck and was from the origin the digastricus muscle close to the carotid arteries on either side of the neck to the thoracic inlet, where the left and right thymus fused indistinctly. It was related superficially to the cranial portion of the omohyoideus muscle, while the thoracic part was in the precardial aspect of the thoracic cavity and related to the base of the heart (Figures 1a and b) . In the pubertal pigs, a slight decrease in the size of the thymus was observed. The cervical thymus and remnants of thoracic the thymus was therefore located in the cranial mediasternal space related to the base of the heart amongst copious adipose and connective tissue. It was not clearly identifiable from these surrounding structures.
The gross morphometry and histometry of the thymus during development is shown in Table 1 . The thymic absolute weights increased with advance of gestation and the maximum weight was obtained in the prepubertal stage, and followed by a slight decrease in weight in the old adult stage (It was not significant at p< 0.05). The diameter of the Hassal's corpuscles measured microscopically increased with gestational age and this was significant at foetal ages of development (p<0.05).
Histological observations
In the pig fetuses of 30-45 days of gestation, the thymus showed very thin, indistinct capsule covering of the organ and there was no evidence of lobulation. Simple squamous and low cuboidal epithelial cells were seen enveloping the capsule of the organ. Primitive lymphoid cells (lymphoblast) with intermingled mesenchymal connective tissue were present in the parenchyma. The nuclei of these cells varied considerably in size but showed similar basophilic staining characteristics. The thymus was devoid of blood vessels. There was no demarcation into cortex and medulla, and the inner part of the organ which would later differentiate into the medulla contained large eosinophilic cells that resembled epithelio-reticular cells, few lymphoblast and primordial of Hassal's corpuscles (Figures 2a and b) .
In 46-58 days of gestation, there was a very thin capsule covering the organ with evidence of lobulation and a very thin interlobular septae with poor vascularisation. Cells present were lymphoblast, large lymphocytes, small lymphocytes, epithelio-reticular cells and developing macrophages. The thymus partially differentiated into cortex and medulla with the medulla containing large cells with slightly eosinophilic cytoplasm that resembled the earlier epithelial cells and a few primitive Hassal's corpuscles (Figures 3a and b) .
In thymus at gestation days 60-75, the parenchyma cellular components increased in size and differentiation compared to the previous age, and was completely divided by connective tissue septae (interlobular septa). There was an obvious demarcation into cortex and medulla; the medulla cells were less basophilic and less closely packed than the surrounding cortex. Lymphocytes and lymphoblast were much denser in the cortex. Hassal's corpuscles matured further at this age and were however few in number. Few amorphous Hassal's corpuscles were also seen. The vascularization increased (Figures 4a and b) .
The thymus at 77-90 days of gestation was much larger compared to previous ages and completely lobulated with obvious demarcation into cortex and medulla. The medulla cells were less basophilic and less closely packed than the surrounding cortex. Lymphocytes were now much denser in the cortex. Well differentiated and Hassal's corpuscles were seen (Figures 5a and b) and were more in number. The interlobular septae was highly vascularized.
The thymus at 95-113 gestational days showed a completely lobulated organ with fully differentiated cellular components and with a clear demarcation into cortex and medulla. The medullary cells were less basophilic and less closely packed than the surrounding cortex. Lymphocytes were packed in the cortex making the cortex deeper staining than the medulla. Mature Hassal's corpuscles were seen in the medulla and increased in number from previous age (Figures 6a and b) .
In this study, there were no clear-cut histological differences between the previous late foetal thymus and the prepubertal thymus. However, in the prepubertal thymus (Figures 7a and b) , most cellular components including the lymphocytes epithelio-reticular cells, trabeculae and Hassal's corpuscles increased in size and number from what was observed in the previous age. In the pubertal pig thymus of up to one year, Hassal's corpuscles displayed different sizes and shapes, being round or oval and even amorphous ones were present.
The pubertal thymus of up to 18 months (Figures 8a  and b) , showed evidence of morphological thymic invo- Generally in development, the capsule was initially indistinct at 30-45 days thymus, but increased in thickness with progression of gestation, such that it was surrounded by fat tissue in the pubertal age. A distinct evidence of lobulation was observed in foetuses of 46-58 days of gestation. Interlobular septa matured and increased in vascularisation with age of development, such that they were highly vascularized at 77-90 days thymus. The boundary of cortex-medulla was partially visible at 46-58 days foetuses and was highly demarcated at 60-75 days of gestation. Various sizes of lymphocytes were apparent in the cortex at 60-75 days impacting a strong basophilic colour to the cortex. The compactness of these cells increased with age in the cortex and medul- la. Rudiments of epithelial cells were seen as eosinophilic clumps at 30-45 day thymus and they increased in number with age of development. Apparently differentiated epithelial cells with dense consistency were observed at 46-58 days thymus. Macrophages were seen at the 95-113 days thymus and were quite distinct at the prepubertal and pubertal age. Early forms of Hassal's corpuscles were seen at 46-58 day thymus and they increased in content and shape with age of development.
In the pubertal thymus, varied sizes and shape of Hassal's corpuscles were observed with large whorled eosinophilic appearance.
Discussion
In the present investigation, the thymus of prenatal pig consisted of cervical and thoracic parts located in located in the cervical region and cranial pericardial mediastinum. They were initially unlobulated in early fetuses of 30-45 days and gradually increased in size and lobulation with age. This observations has been reported in the ox, [14, 18] goat, [11] buffalo [10] and pig. [18] Generally mammals such as sheep, cattle, goat, pigs and horse possess distinct cervical thymuses in addition to the thoracic thymus. In this present report, lobulation was noticed at 46-58 days foetal thymus, while Prasad et al. [11] reported the occurrence of lobulation in goat foetuses of 49-73 days of gestation. This shows the variability of formation of lobules of thymus in animal species. In addition the location of the thymus was more consistent in the cranial pericardial mediastinum of the thoracic cavity in the older pubertal pigs. However, in the guinea pig thymus, unlike other mammals, remains a purely cervical organ. This is due to the greater reduction of size of thymus due to age-related physiological involution as reported in hybrid pigs by some investigators. [12] Physiological involution is associated with decrease in the cellular components of thymus including lymphocytes and epithelio-reticular cells of the organ. [19] In this study, there was adherence of the left and right portions of the cervical thymus to form a mass and its connection beyond by a cervico-thoracic isthmus to the thoracic part of the thymus. This finding is similar to findings of in sheep foetus [9] and in buffalo foetus. [10] In addition, the left and right portions of the thymus terminated as a dense lobulated mass on either side of the larynx as also observed in the sheep foetus [9] and in some other domestic animals. [18] The relationship of the thymus to other structures and organs in the neck and thoracic cavity seen in pig foetuses in this study is similar to findings also reported by other authors. [18] The absolute mean weights of the thymus were significantly higher in the late prenatal stages as compared to the mid prenatal and early prenatal stages in the present study. It is similar to the findings in developing pigs. [19] In addition an overall mean size and weight of thymus showed an increase with advancing of gestation was also reported by some researchers. [11, 20] This may suggest onset of remarkable immunological function during the last term of prenatal foetal life. In the present report, the thymus reached it absolute maximum weight in the prepubertal age. Some investigators reported that the maximum thymic weight is reached in the late foetal period in the sheep and Japanese serows (Capricornis crispus). [21] The variations may be related to species differences and climate.
The general histological structure of thymus during the gestational age showed remarkable immaturity in the early foetal age. Most of the typical structural components including capsule, cortex and medulla with lymphocytes, epithelial reticular cellular cells and Hassal's corpuscles in medulla amongst others were very sparse and may not support optimum function. In addition, blood, lymph vessels and nerves were rarely seen at this early foetal age. In late foetuses these components were fully differentiated to possibly support prenatal thymic function. There were numerous lobules and their differentiation into cortex and medulla. There were also presence of thymic corpuscles in the late foetal stage and it increased with age. Similar observations have been seen earlier in prenatal pigs. [22] Functionally active thymic lobules are characterized by the presence of the cortex, medulla and Hassal's corpuscles. [13] These functional components also increased in the prepubertal and early pubertal thymuses. But in the older pubertal thymuses, evidence of involution was noticed in sections and macrophages increased in number. At the pubertal age of about 18 months, lymphocytes and macrophages in its individual lobules were identified along with the cortex and medulla. Adipose tissues were also present in the interlobular tissue and the interlobular tissue was thickened by these fat cells. It indicated early signs of involution. Hassal's corpuscles changed in form with age. In late foetal thymus, it consisted of central degenerated hyaline mass, surrounded by concentrically arranged reticular cells. In older pubertal thymus, signs of polymorphism, keratinization and merging of corpuscles were evident and represented age-related involution. Hassal's corpuscles may have phagocytic function for those lymphocytes that could not mature while moving from cortex into the medulla and could not cross the blood-thymus barrier. It is known that those lymphocytes which had not acquired the specific markers on their membranes are phagocytosed by Hassal's corpuscles. [22] Hassal's corpuscles have also been used as indicators of the degree of age-related thymus involution in most mammals including humans. [23] These features of involution have been observed in aged cattle of 2-5 years and more. [13] Further studies will examine very old pigs of over 3 years to ascertain the progress of involution. It is known that many intrinsic and extrinsic factors may contribute to age-associated thymic involution and not much is known about the mechanisms that lead to thymic involution. [24] There are many unanswered questions as to what initiates this process and when exactly it begins. Some investigators found the involution of the thymus in pigs of about 180 days, [22] which is contrary to the present report. At the growing age, it is known that the thymus does not undergo a complete involution; part of the functions are maintained in some secretory and hematopoetical insulary cells. [22] In cattle and sheep, the thymus involutes also with increasing age with complete involution by 6 years of age in cattle and marked involution evident in 2-year-old sheep. [25] Macrophages were encountered in the late foetal and postnatal stages of development in this study. They function in phagocytosis. They characteristically contain nuclear debris in the cytoplasm, presumably coming from lymphocytes after programmed cell death (apoptosis). They increased in number with age of development of the thymus. Macrophages may also contribute to intrathymic precursor T-cell maturation. [26] The present preliminary report will enhance further studies on morphological changes of thymus in younger and older pubertal pigs using more samples and advance anatomical techniques. 
Conclusion
This study has demonstrated that the gross size of the thymus changes with age of development and that the cellular components of the thymus attains morphological maturity during the late foetal period with evidence of some prenatal immunological functions. Early histological signs of age-related involution were observed in the young pubertal pigs, showing slowing down of immunological response.
